Thermodynamic effects of the alteration of the axial ligand on the unfolding of thermostable cytochrome C.
The role the axial methionine plays in the conformational properties and thermostability of the heme active site has been investigated with the help of site-specific mutations at the axial Met69 position with His (M69H) and Ala (M69A) in thermostable cytochrome c(552) from Thermus thermophilus. Detailed circular dichroism, direct electrochemistry, and other spectroscopic studies have been employed to investigate the thermally induced and GdnHCl-induced unfolding properties of the heme active site of the wild type and the mutants of cytochrome c(552). We observed an unusually high thermodynamic and thermal stability of the M69A mutant compared to that of wild-type cytochrome c(552). However, the M69H mutant exhibited a slightly lower unfolding free energy compared to that of the wild-type protein. The high conformational stability of the M69A mutant was attributed to the presence of residual structure in the unfolded state as well as to the altered conformation in the folded state of this mutant of cytochrome c(552). This study thus supports the view that apart from the folded state, the unfolded state of a protein may also make a significant contribution to the stability of a protein.